A new technique is described for simultaneous N-band and nucleoLus identification using acridine orange staining following incubation of chromosome squashes in 50 per cent formamide. This technique, together with silver deposition, has been used to clarify the chromosomal locations of N-bands and nucleolus organisers in the two locust species Schistocerca gregaria and Locusta migratoria. S. gregaria consistently shows interstitial nucleolus organisers in chromosomes L3 and M6 while L. migratoria has telomeric nucleolus organisers in L2 and M6 and an interstital nucleolus organiser in S9 close to the centromere. All nucleolus organisers also N-band and C-band but in addition both species have a large interstitial N-band on chromosome M8 which does not act as a nucleolus organiser. These data are discussed in relation to the mechanism of N-banding, the conflicting reports in the literature of different nucleolus organiser locations in these species and the significance of chromosome regions which N-band but do not act as nucleolus organisers.
INTRODUCTION
The nucleoli of eukaryotic cells characteristically form at specific chromosomal sites known as nucleolus organisers (NORs) (McClintock, 1934) . Nucleoli may be detected in interphase or prophase either by phase-contrast microscopy or by specific staining techniques such as acetic carmine (McClintock, 1934; John and Henderson, 1962) or by silver deposition techniques (Rufas and Gosalvez, 1982) . The NOR described by McClintock in maize is a compact, deeply staining structure attached to the nucleolus and a similar structure has been described in Schistocerca gregaria by John and Henderson (1962) . In contrast, the site of the NOR at metaphase is often marked by a constriction. The correspondence between nucleolus number and position at interphase and secondary constriction number and position at metaphase and anaphase was first demonstrated by Heitz (193!) .
In mammalian cells, bands (N-bands) may be produced by differential staining which correspond in position to NORs (Matsui and Sasaki, 1973) . Further, NORs which have been active in the previous interphase may be demonstrated by various silver deposition techniques (Miller et a!., 1976; Goodpasture and Bloom, 1975; Bloom and Goodpasture, 1976; Hofgartner, et a!., 1979) .
Several techniques have been used in an attempt to localise the NORs in the locust Schistocercagregaria. John and Henderson (1962), using aceto-carmine staining of male dipolotene cells, claimed the positions of the NORs to be on chromosome L3 about 70 per cent of the length of the chromosome away from the terminal centromere and on chromosome M6 in a median position. In contrast Hagele (1978) , using the Nbanding technique of Matsui and Sasaki (1973) reported the presence of single N-bands at the telomeres of L2 and M6, one or two interstitial bands on M8 and a further band near the centromere on S9. Finally, Rufas and Gosalvez (1982) , using a silver deposition technique in male meiotic cells, reported nucleoli attached to the M6 and S9 bivalents at diplotene.
We have attempted to resolve the conflict between the results reported above and to clarify the relationship between N-bands, secondary constrictions and NORs in Schistocerca gregaria and Locusta migratoria using silver staining of nucleoli and a newly-developed N-band technique which allows simultaneous visualisation of both N-bands and any nucleoli attached to them.
MATERIALS AND METHODS
Schistocerca gregaria and Locusta m igra wria adults and egg pods were obtained from three sources, the Welsh Mountain Zoo, Bioserv Ltd. and the Zoology Department, Aberdeen University. Other grasshoppers mentioned were either collected in the wild or were gifts from.Dr G. M. Hewitt and Dr G. H. Jones.
Silver deposition was carried out using the technique of Rufas and Gosalvez (1982) hut with minor variations in the pH of the silver nitrate solution.
The N-banding technique was discovered by accident while attempting to produce controlled in situ denaturation of chromosomal DNA. The protocol is given below. 
N-bands
The N-band pattern of S. gregaria is shown in fig.  I (gallocyanin-chrome alum staining) and fig. 3 (acridine orange staining). The band patterns are identical in both cases, with hands on L3, M6 and M8. Similarly, the L. migratoria N-band pattern is illustrated in fig. 2 (gallocyanin-chrome alum) and fig. 4 (acridine orange) and shows hands on 13 ). In the case of S. gregaria it is possible to identify which bands do not carry bodies because of a frequent N-band polymorphism on chromosome M8. The cell shown in fig. I is heterozygous, with one M8 homologue having a large band and one a small band. In figs. 11 and 12 the interphase cell is also from a heterozygous animal and the two green dots which lack nucleolus-like bodies are heteromorphic.
The N-band technique reported here is also applicable to all meiotic cells and can he used to locate nucleoli as well as the N-bands to which they are attached. It is important to choose cells which are not later than mid-diplotene in order to get accurate observations of attachment sites because the nucleoli become detached from the bivalents at late diplotene ( fig. 20) and remain compact but free in the cytoplasm for a short while. Almost invariably nucleoli can no longer be seen at diakinesis, attached or free, presumably due to dispersion.
DISCUSSION
The mechanism of N-band staining
The dyes listed in the protocol above for demonstrating N-band staining all react with DNA. Further, although quantitative measurements have not The interstitial region of the X chromosome which is C-banded in fig. 7 is N-banded in fig. 8 but the interstitial regions of the B-chromosome which are C-banded in fig. 7 are not N-banded in fig. 8 . Chromosome L3 (arrows) carries the other N-band in the karyotype.
Figures 9 and 10 Chorthippus brunneus embryo cells. Fig. 9 is N-banded and centromere dots are also present. Note the double bands on the short arm of chromosome L3 and the single bands on the short arm of chromosome LI. Fig. 10 is orcein stained.
The arrows indicate double constrictions in L3 and single constrictions in Ll. been made, the intensity of staining drops markedly at incubation temperatures above 65°C.
It seems likely that the mechanism of differential staining involves the differential removal of DNA from the fixed chromosomes during the incubation in formamide. This explanation is similar to that proposed by Comings (1978) to account for the production of R-banding in mammalian chromosomes and it is interesting to note that human lymphocyte chromosome preparations, processed according to our N-band technique and stained in acridine orange, give R-banding patterns identical to those generated by the technique of Verma and Lubs (1976) . The protection of DNA from removal at the sites of N-bands could be due to a high GC content of the DNA which is resistant to removal by formamide because of its higher melting temperature.
The N-bands are not simply a subset of Cbands, While NORs appear to react with both the C-and N-banding techniques, some N-bands do not C-band, in particular the N-bands on chromosomes M8 in both S. gregaria and L. migratoria. It is also interesting to note that the C-bands in both arms of the B isochromosome of Tvlyrmeleotettix maculatus (Fig. 7) which were postulated to be derived from the C-band at the NOR on the Xchromosome of that species (Hewitt, 1973; Gallagher et al., 1973) do not in fact give the N-band reaction, while the NORs on the short arm of L3 and the X-chromosome do. This observation does not support the hypothesis that the B-chromosome of M. maculatus is derived from a deleted X-chromosome of that species.
What are the N-bands?
The term "N-band" is here used to denote a band produced by the technique which we have described as an N-band technique. While it certainly reveals NORs it also reveals centromere dots (Eiberg, 1974) and some bands which appear not to organise nucleoli. Reference to table 1 shows that both for the data reported in the literature and in this paper there is a close correlation between nucleolus organisation at mitosis or meiosis, the presence of an N-band after N-band staining and the presence of secondary constrictions. There are some discrepancies in table 1 between the conclusions of different authors (see also Introduction). Jones, Croft and Wallace (1983) and Moens (1973) and a second NOR on bivalent S9 in Fig. 1(d) of Rufas and and Gosalvez's (1982) (1982) . While chromosomal polymorphism must again be considered as a possible expalantion it is also the case that there is a close similarity between the sites of N-bands reported by us for Locusta migratoria and Hagele's results for Schistocerca gregaria.
In both S. gregaria and L. migratoria mitotic chromosomes the most prominent secondary constriction in the complement is that located close to the centromere on M8. In both species this site is marked by an N-band. We have shown directly in S. gregaria that this N-band is not an NOR in migratoria also cannot be a nucleolus organiser.
The hands produced by our N-banding technique (ignoring centomere dots) are clearly of two types, sites of NORs and sites which are not NORs.
We have suggested that all these sites have one property in common, a relatively high G + C content in the l)NA. It is not surprising that NORs should stain using this technique since they seem generally to contain DNA of high G + C composition. Using chromomycin A3 staining, which indicates regions of relatively high G + C content (Schweitzer, 1981) , NORs of several animal and plant species stain brightly (Schmid, 1982; Appels, 1982; Deumling and Greilhuber, 1982; Schweitzer, 1976 Schweitzer, , 1980 Schweitzer eta!., 1983; Schwartzacher and Schweitzer, 1982) . Not only are the 18s and 26s r-RNA genes of relatively high G+ C content but they often are associated in insect species with a G+C' rich satellite DNA (Gall et a!., 1969; Lima-de-Faria, 1969) .
What is the nature of the M8 N-bands in S. gregaria and L. migraloria which do not organise nucleoli! There are several possibilities.
(i) Fortuitous concentration of high G+C DNA at these sites which has no homology with 18s or 26s r-DNA or adjacent sequences.
(ii) Degenerate NORs which have either inactive r-DNA sequences or have lost r-DNA sequences hut retained a high G+C linked DNA.
(iii) 5s r-RNA genes.
The M8 N-hand in Locusta migratoria lacks detectable Is and 26s r-DNA sequences (Kunz, personal communication) though it could still retain homology with the functional NORs through the adjacent G + C rich DNA. This seems unlikely since the M8 N-hand in both L. migra!oria and S. gregaria is the site of the most prominent secondary constriction in embryonic cells and this would suggest a functional rather than an inactive locus. However, in several genera of 17-chromosome grasshoppers (Santos and Fox unpublished work) N-hands which do not organise nucleoli exist at the primitive locus of nucleolar organisation on chromosome L3, indicating that in some species degenerate NORs exist which still N-band.
In the genus Warrarnaha (White et a!., 1982) clusters of 18s+26s r-RNA cistrons and also clusters of 5s r-RNA cistrons stain with an Nhanding technique. This suggests, at least for the M8 chromosome in S. gregaria and L. migratoria, that the non-nucleolus organising N-bands may be the sites of the 5s r-RNA genes. This hypothesis remains to be tested.
